1 EXECUTIVE SUMMARY

INTRODUCTION

This report responds to the requirements of Section 183(g) of the Clean Air Act
Amendments (CAAA) of 1990, which requires that

“The Administrator shal conduct a study of whether the methodology in use by the
Environmental Protection Agency as of the date of enactment of the Clean Air Act
Amendments of 1990 for establishing a design value for ozone provides a reasonable
indicator of the ozone air quality of 0zone nonattainment areas. The Administrator
shdl obtain input from States, loca subdivisons thereof, and others. The study shall
be completed and a report submitted to Congress not later than 3 years after the date
of the enactment of the Clean Air Act Amendments of 1990. The results of the study
shal be subject to peer and public review before submitting it to Congress.” (PL
101-549, Sec. 183 (g))

Ground-level ozone, the primary condituent of smog, causes severd adverse hedth
and environmental effects, such as respiratory problems, crop loss and materials damage.
EPA has edablished a nationd ambient ar qudity standard (NAAQS) for ground-level
ozone. According to EPA regulations, an aea is not meeting the ozone standard
(“nonattainment”) if the expected number of days per year with daily maximum I-hour
concentrations greater 0.12 ppm is greater than 1. As of October 1994, there are 91 aress of
the country that are designated as nonattainment areas for ozone.

The ozone desgn vaue is a surrogate measure of attainment status, a measure of
progress, and an indicator of how much concentrations must be reduced to meet the standard.
The EPA design vaue method yields an esimate for the ozone design value that is congstent
with the current ozone NAAQS. The current EPA design vaue method is Smply to select
the fourth highest daily maximum I[-hour concentration as the design vaue during the 3-year
compliance period (Laxton, 1990). The fourth highest vaue is the desgn vaue, since if the
fourth highest day is reduced to the level of the standard, then there will be one day per year
above the level of the standard assuming three years of data

With paessage of the Clean Air Act Amendments (CAAA) of 1990, added emphesis
was placed on ozone design vaues. In addition to designating aress as nonatainment for
ozone, the CAAA introduced a classfication process to further categorize nonatanment
aeas according to the extent of their ozone problem. As shown in Table 1-1, this area
classfication was based upon the ozone design vdue. The CAAA dated that the design
velue “shdl be caculated according to the interpretation methodology issued by the
Administrator most recently before the date of the enactment” Before the 1990 CAAA,
designation of nonattainment areas smply involved a yesno determination as to whether the
aea met the standard. The additiond classfication step introduced by the 1990 CAAA




placed greater emphasis on ozone concentration observations and on the methodology used to.
determine the desgn vaue. ; ’.__{

TABLE I-l. Ozone classfications specified in the 1990 Clean
Air Act Amendments.

_Area Class Desgn Vauer Attainment  Date**
Margind 0.121 up t0 0.138 3 years
Moderate 0.138 yy to 0.160 6 years
Serious 0.160 p to 0.180 9 years
Severe 0.180 up to 0.280 15 years
Extreme 0.280 and above 20 years

*The design value is measured in parts PEr million (ppm).
**The primary standard attainment date iS measured from the date of
the enactment of the Clean Air Act Amendments of 1990. ’

Ancther reference to the use of design vaues is contained in Section 181(b)(2) of the
Act, which dstates that EPA “shdl determine, based on the ared's design value (as of the
attainment date), whether the area attained the standard by that date.” EPA’ Spreliminary
interpretation of this Section is that the “average number of exceedances per year shdl be
used to determine whether the area has atained” which is the attainment test for the ozon€e
Nationd Ambient Air Qudity Sandard (NAAQS) (Federd Register, 1992).

National Ambient Air Quality Standard for Ozone

In 1979, EPA promulgated the ozone NAAQS a a levd of.0. 12 ppm that is ataned
“when the expected number of days per cdendar year with maximum hourly average
concentrations above 0.12 part per million (235 ug/m’) is equa to or less than 1 as
determined by Appendix H" (4OCFR 50.9). The atainment test specified in Appendix H
dates that the “expected number” of days with concentrations above 0.12 ppm (“exceedance’
days) is to be edimated by caculaing the average number of exceedances during the mogt,
recent three years. Additiona information is contained in Appendix H and the EPA Ozone
Guideline on procedures for deding with missng data (EPA, 1979). The Guideline makes it . .
Clear that the expected exceedance criterion is to be applied independently to each monitoring
site. For areas with multiple monitoring Stes, al dtes within the nonattainment area must:
meet the gtandard for the area to be designated in atanment of the ozone NAAQS.
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Ozone Design Values

As noted above, compliance with the ozone NAAQS is judged on the bass of
expected exceedances, and becomes a “yesno” decison. However, once it is established
that an area exceeds the standard, the next logicd question to ask is, “By how much? The
ar quaity design vaue is intended to provide a measure of how far concentrations must be
reduced to achieve atanment or, equivaently, how far out of atanment the area represented
by a monitoring Ste is. In this repect, the design value can be viewed as an ar quality
indicator for a given location.

Given the expected exceedance form of the ozone NAAQS, the desgn vadue for this
dandard is defined in the EPA guideline document as “the concentration with expected
number of exceedances equal to one” (EPA, 1979). Note that in this context the ozone
guidelines are referring to the unknown “true” number of expected exceedances per year
rather than the estimate of expected exceedances determined using the Appendix H
cdculations. In datistical terms, this is the value which is exceeded once per year on
average.  If the daily maximum ozone concentrations are assumed to be independent and
have the same didributions every day throughout the year, then the design value is the
characterigtic largest vdue (CLV) of that didribution. The Ozone Guiddine described
sverd different options for estimating design values, including a table look-up approach,
graphica procedures, and fitting oatitica digtribution. The current EPA design vaue
method is Smply to sdect the fourth highest dally maximum I-hour concentration as the
desgn vaue during the 3-year compliance period (Laxton, 1990). The fourth highest vaue
is the design value, since if tbe fourth highest day is reduced to the level of the standard,
then there will be one day per year above the level of the standard assuming three years of
data

Strictly spesking, the design vaue is an unknown quantity depending on the
underlying digtribution of ozone concentrations, and the EPA design vaue and dternaives
are esimators of the (true) design velue. To retain the readability of this document the term
“design vaue’ may refer to either the unknown population vaue or an estimator, depending
on the context in which it is used. Where appropricte, the term “true design vaue’ is used
for claification. The “EPA desgn vdue' dways refers to the table look-up vaue.

Regulatory_Hisiorv of Design_Vaues

Beginning in the 1970’s, ar qudity design vaues were used as the primary input to
dmple ar qudity models, such as the “rollback modd” and the Empiricd Kinetic Modding
Approach (EKMA) (deNevers and Morris, 1975, Meyer et d., 1977). These models were
used to edimate emisson reductions needed to atan the NAAQS and to evduate dternative
control strategy options (deNevers and Morris, 1975, Meyer et d., 1977, Wilson and
Scruggs, 1980). This use of ozone design vaues diminished following the development of
more complex photochemicd modeling approaches (EPA, 1981; EPA, 1991b). In some
aoplications, design vaues used in estimating emissons reductions have been adjusted to
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account for factors such as the level of transported ozone, or ar qudity reductions expected
from future control measures (Meyer, Gipson, and Freas, 1977, Wilson and Scruggs, 1980).
Such adjusted design values have come to be known as “control strategy vaues' to
differentiate them from “ar quality” design vaues, which are edimated directly from the
ambient monitoring data (Rhoads and Tyler, 1987).

To support the passage of the Clean Air Act Amendments, EPA began isuing annual
ligs of areas faling to meet ozone and carbon monoxide NAAQS which contained ther
corresponding air quality design values (EPA, 1987, 1988, 1989, 1990, 1991a, 1992b). It is
clear from the language of the CAAA of 1990, and the legidative higtory of the Act, that the
initid area classfications were to be based on the ar quaity design vaue, which is the
primary focus of this study (EPA, 1993). However, issues such as adjusting ozone design
vaue for trangport, emissons trends, and meteorologica variability are addressed in this
study within the context of “control strategy values. "

EPA Design_Value Methodology

The design vaue associated with the ozone NAAQS is an abstract quantity that can
only be edimated from avalable data The Ozone Guideline suggests severd methods for
edimating the design vaue including a smplified table look-up procedure, approaches Usng
datigicad didributions, and techniques based on conditionad probabilities. No sngle
aoproach was required by the Guiddine.

The table look-up procedure, summarized below in Table 1-2, has been designated as
the EPA desgn vaue esimation method (Laxton, 1990). Badcaly, the tabular method
identifies the lowest observed concentration that was not exceeded more than an average of
once per year during the measurement period. This methodology is essentialy unchanged
from the State Implementation Plan (SIP) guidance issued in 1981, and is the method that
was used for dl of the annud design vaue lists issued by EPA and the initid ozone area
classfications (EPA, 1981, 1987, 1988, 1989, 1990, 1991a,b, 1992, 1993; 40CFRS58).
Using the tabular method focuses attention on a concentration that was actualy observed. as
compared to a datigtica fitting technique that could yield a design vaue tha does not
correspond to a concentration observed on a paticular day. The tabular approach has
severd additiond  advantages not aways shared by more complex dStatistical procedures.
Fird, estimates can be made quickly, and directly, from existing summaries of ar quality
data. Second, the design vaue estimates are reproducible and verifidble with actua
monitoring data. Third, it provides a uniform approach for all areas. It isalso worth noting
that current monitoring regulations do not require the reporting of hourly ozone data for dll
dtes across the nation (Federa Register, 1991). Thus, dstatistica approaches which require
fitting distributions to al the data, or even the upper 10 percent of the distribution, are not
applicable for gdtes that only report summary datistics and not the individua hourly
concentrations, or daily maximum |-hour values.



TABLE I-2. Ozone design vaue rank based on number of years of data

Number of Vdid Years Ozone Desgn Vaue Rank

(a least 75% of days during (dally maximum 1-hr concentration)
designated ozone season)

less than one vaid year highest daily maximum

1 year of data 2nd highest daily maximum

2 years Of data 3rd highest daily maximum

3 years of data 4th highest daily maximum

THE OZONE DESIGN VALUE STUDY

Section 183(g) of the Act directs EPA to conduct a study of the methodology
currently in use for caculaing design vaues to determine if the caculated design vaue
“provides a reasonable indicator of the ozone ar qudity of ozone nonatainment aress. "
Thus, the focus of the study is on the design vaue methodology as initidly developed in the
Ozone Guideine and later defined in current EPA guidance (40CFR50.9; EPA, ¥979;
Laxton, 1990). Issues concerning the form of the current ozone NAAQS are more properly
trested within the existing mechanism for NAAQS review. EPA is in the midst of reviewing
the ozone NAAQS. The Agency intends to propose any change to the standard by Spring
1995 and, after taking public comment, will promulgate the find decison in Spring 1997.

The “reasonable indicator” evauation is dependent on the intended agpplication of the -
desgn vdue It is quite posshle that a design vaue estimation procedure that provides a
reasonable indicator for tbe purpose of determining the nonattainment classfication of a small
geographic area surrounding a monitoring Ste may not be suitable for the purpose of
edimating the required degree of emisson reduction needed to achieve attainment or for the
purpose of edtimating health risks to nearby populations. Therefore, it is necessary to
indicate the intended agpplication of a desgn vaue edtimaion procedure before judging
whether it yields a reasonable air quality indicator. This issue can be examined in both a
tempord and a spatia framework.

Soatial Representativeness

Desgn vaues are edtimated individudly for each momtor in an area, and the
maximum value iS used to determine the nonattanment classfication of the entire area
Ozone concentrations can adso be localy depressed immediately downwind of a source of
nitrogen oxides (NO,) due to scavenging by nitric oxide (NO). Key concerns are (1) whether
the monitoring network is sufficiently dense and monitors are appropriately located to
represent air quaity over the area in question and (2) how spatidly uniform are desgn vaue
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estimates  across metropolitan areas. The study examined the spatid distributions Of 0zone
ambient concentrations from existing monitoring networks within urban aress. Figure |-l
shows the variability in 1987-89 ozone design vaues cdculated for dl monitoring sites in the
northcentral states of Indiana, lllinois, Michigan, and Wisconsin. Asillustrated, design
vaues can vary from levels near the standard to levels near 0.20 ppm a Sites across these
states. The sudy aso described regiond-scae ozone episodes and examined large-scde
features usng gpatiad concentration distributions caculated by photochemica dispersion
models.

Temporal Representativeness

A mgor concern with respect to the tempora representativeness of design vaues is
the number of years of data used to cdculate the design value. Current EPA guidance cdls
for the use of three years of data, if avalable (40CFR50.9). The use of three years of data
is a compromise between the need to include as much data as possible to arive a an
accurate estimate and the need to recognize nondtationarities in the data record resulting from
precursor emission trends. Setting the time period for judging compliance dso sets an upper
limit on the number of exceedances that a Ste can experience in any one year and the area
dill remain in atanment of the NAAQS.

Wide yea-to-year variations in weather conditions can result in sgnificant differences
in estimated design vaues from one three-year period to the next, even in the absence of
emisson changes, as shown in recent design value lists that include 1988 ozone data.
Meteorological conditions in 1988 were highly conducive to ozone formation, especidly in
the eastern hdf of the nation. Summer 1988 was the third hottest summer on record (Heim,
1988). Adding 1988 data to the three-year data window increased the number of areas not
meeting the ozone standard to 98, an increase of 37 areas (EPA, 1989, 1990). More recent
summers have been less conducive to ozone formation than the summer of 1988. In the
Eadt, the period from January through July 1989 was among the wettest on record (Heim,
1988). In the Northeast, summer 1990 aso had above-average precipitation (Heim, 1990).
However, summer 1991, which was the eighth warmest summer on record, saw the return of
ozone conducive conditions, especidly in the Northeast (Heim, 1989). In addition to these
meteorological  differences, voletile organic compound emissons have been reduced since
1988 levels. The volatlity of gasoline, measured as Reid Vapor Pressure (RVP), was
reduced 11 percent between 1988 and 1989, and an additiond 3 percent between 1939 and
199Q (Federa Register, 1989; MVMA, 1988a, 1988b, 1988¢c). Asaresult of both changing
meteorologicd conditions and emissons reductions, the latest design vaue ligting, based on
1991-93 data, showed that 55 of the initid 98 nonatanment areas now meseting the ozone
NAAQS (EPA, 1994). Thisis thefourth update that does not include data from the 1988
pesk ozone year. Seven of the origind 98 nonattainment aress have dready been
redesignated to atainment. Thus, factors such as the sequence of meteorologicad conditions,
and reductions in emissons can introduce tempora variability in design vaues.




OZONE
Design Value, 1987-89

Figure I-I.

Map depicting ozone design values at all sitesin Indiana, Illinois, Michigan,
and Wisconsin, 1987-89.
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As another measure of tempord vaidbility, Table |-3 summarizes ozone area
classfications that would result from increasing the number of years used in the EPA design
vdue method. The table focuses on data windows ending in 1989, because most of the area
classfications were based on data from that period (40CFRS58). However, to mantan .
higorical congstency, Consolidated Metropolitan  Stetisticll  Aress (CMSAs), Metropolitan
Statisticd Areas (MSAs), and counties are used to define the geographic area, and not the
nonattainment area boundaries of the currently designated nonattainment aress. Table [-3
shows that the largest differences in ozone area classfications are associated with design
values based on a single year of data There is close agreement between classfications based
on 3 and 4 years of data, while the longer data windows (5 and 6 years) have fewer
nonattainment areas (4 and 7 fewer, respectively) than the 3-year edtimates. There is some
downward movement in area classfications evident in the longer time periods. That is,
severe areas have moved downward to serious, serious areas to moderate, and moderate
aess to magind.

TABLE [-3. Impact on ozone area classfications of varying the number of years when
edimating the ozone design vaue using the EPA tabular method.

Number of Areas (CMSA/MSA/County)

Clean Air Act Sngle Year Desgn Vaue Multi-year Design Vaue
Ozone Classification 1988- 1987- 1986- 1985- 1984-
1987 1988 1989 | 1989 1989 1989 1989 1989
Extreme 1 1 l ! ! ! ! !
Severe 6 11 4 1 9 9 7 6
Serious 17 23 4 20 16 15 14 IS
Moderate 22 45 12 36 33 33 33 29
Magrdl 22 32 18 35 39 37 39 40
Total 68 112 39 99 98 95 94 91

ALTERNATIVE OZONE DESIGN VALUE ESTIMATION METHODS

The Ozone Guideline introduced severd techniques thet coud be used to edimate
desgn vdues induding (1) a table look-up proosdure (Which evalved into the curent EPA
mehod), (2) the use of fitted datidicd digribuions and (3) the use of a conditiond
probebility  goproech.
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There are two digtinct approaches to fitting distributions to air quaity data:
(1) fitting paramefric distributions to raw hourly or daily concentrations, and (2) fitting
extreme vaue didributions to the highest concentrations. A review of the literature
conducted for this study, including the reported goodness-of-fit results, suggests that a
growing consensus appears to favor the use of the tail exponentid didtribution to fit the
annua maximum hourly ozone concentrations. The use of the lognorma didribution to fit
the hourly and, possbly, daly maximum hourly, ozone concentrations was ancther popular
method (Mage, 1984; Curran and Frank, 1975). The sdection of a “best” datidtica
digribution for caculation of ozone design vaues may not be posshle because such a
digribution probably varies according to the location studied and the time period of interest.
An approach developed by Breman for EPA fits an exponentid distribution to the upper 5 to
10 percent of the concentration distributions for each year (Breiman e d., 1978). Ozon€
desgn vaues ae edimaied by combining the tal-exponentiad didributions for the three-year
compliance  period. Another approach is to combine data years and fit a parametric
digribution to the upper tal of the threeyear didribution. The tail exponentid approach
developed by Larsen and others a the Cdifornia Air Resources Board (CARB, 1992b) was
developed in response to the 1988 Cdifornia Clean Air Act which dlows highly irregular or
infrequent violaions of the dtate ambient air qudity standards to be excluded from the
attainment/nonattainment designation process (Larsen and Bradley, 1991; CARB, 1992a;
Larsen, 1991). In June 1990, the California Air Resources Board (CARB) determined that -
exceedances expected to recur less frequently than once in seven years could be excluded.
The tal exponentid approach was proposed as a method of estimating the one-m-seven-year
concentration.  More recently, the CARB revised the excluson frequency to be one in one
year (CARB, 1992b).

Comparisons have been made of desgn values edimated usng the EPA tabular
aoproach and those edimated usng exponentid and Weibull digributions. These
distributions were fitted to the upper 5 percent of the three-year didribution for 1987-89 at
dl ozone gtes in the higtoricd database using the Breiman tail-exponentid procedure and by
a procedure that estimated the parameters by maximum likelihood using a Newton-Raphson
agorithm (Breiman et al., 1978; SAS; Freas, 1992a). The tabular method design value
edtimates tended to be lower than those obtained with the tail-exponentid and other
digribution fitting methods. Differences in the severd parts per hillion range were found
among the various didtribution fitting methods. Table [-4 presents the results for the
Chicago, New York and Los Angeles metropolitan areas of using five different methods for
edimating desgn vaues (1) the EPA tabular approach, (2) smply using the appropriate
percentile from the empiricd distribution, (3) the Breiman tail-exponentid fitted to the upper
5 percent of the data, (4) a 10 percent tail-exponentid fit, and (5) the CARB tail-exponential
aoproach developed by Larsen. The CARB approach was agpplied both with and without the
empiricd cdibration factor used with the method. The cdibretion factor was determined by
Larsen in a way that recognized the expected discrepancy between the tail-exponential
method and the EPA tabular method, since the EPA method is expected to be hiased low on
theoretical grounds. According to the CARB (McGuire, 1994), the cdibration factor
esimate recommended by Larsen is based on ozone data from monitoring gSites throughout
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-Cdifornia and was sdected to produce desgn vaue edimaies & a “suitable M: doing™ '
between the uncalibrated method and the EPA method. P

Average and maximum values across dl monitoring gtes in these areas are listed in
Table I-4. Detals of the cdculations, including the percentile definitions and confidence
intervals, are provided in Section 6. The maximum vaues indicate the design vaue which
would be asdgned to the nonatainment ares; assuming that design values from any monitors
not included in this andyss are smaler. Except for design values based on the 10 percent
tal exponentid (and the 5 percent tal exponentid in Los Angees), the various methods
produced estimated average design vaues that are within 0.01 ppm of each other. This is
ds0 true of the maximum design vaues in each aea, except in Los Angeles where the
differences were as large as 0.02 ppm. Of course, results a individud monitors may show
wider variations. Desgn vaues obtaned by fitting a tal exponentid didribution to the top
10 percent of the data values are higher than even the third highest concentration in each
area, both on average and for the maximum values. Lower design values were obtained
from tall exponentias fitted to the top 5 percent of the ozone values athough, on average,
they are dill higher than the third highest for the New York and Los Angeles areas. These
results indicate that the portion of the distribution of daily maximum concentrations to which
the tail exponentid is fitted can have a significant impact on the estimated design vaue.
This is the primary motivation for using Larsen's approach, which uses multiple tails fitted to
various portions of me upper end of the didribution and weights the results towafd those tails
which best tit the avalable data

If design values are to be estimated by fitting distributions, the tail-exponential
distribution approach, using either the Breman formulation or the CARB method, seems
preferable on the basis of its simplicity, ease of fitting, robustness and goodness of fit. The
goodness of tit for a large number of sites is likely due to the property that a wide variety.of
daly maximum ozone concentretion didributions have an approximately exponentid tal. |
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TABLE 1-4. Average and maximum estimated (ppm) design values for the period 1989-91 using
each estimation method (4th High = fourth highest concentration, 3d High = third
highest concentration, Fortl = percentile method, 5%TIExp = 5 percent tail
exponentid, 10%TIExp = 10 percat tal exporetid, Lasen = CARB method,
LarNoCal = CARB mahod without cdibration factar).

S%TIExp 10%T1Exp
95%Confidence 95%Confidence
Interval Interval
Lower  Uppar Lower Upper

4th High 3rd High Pentl  5%TIExpBound Bound 10%TIExp Bound Bound Larsen LarNoCal

Chicago Area

hverage: 0.118 0.122 0.118 0.123 0.113 0.137 0.126 0.116 0.138 0.113 0.118
Max: 0.151  0.164 0.152 0.161  0.146 0.183 0.168  0.153 0.187  0.151 0.158
New York

Area

Average: 0.140  0.146  0.140 0.150  0.138 0.168 0.158  0.146 o0.177 0144  0.151
Max: 0.165  0.17% 0.166 0.175  0.158  0.199 0.185  0.167" 0.209  0.166 0.17%
kggaAngel&s

hverage: 0.21 0.22 0.22 0.25 0.22 0.30 0.26 0.23 0.30 0.21 0.22
Max: 0.28 0.30 0.30 0.32 0.29  0.38 0.34 0.31  0.39  _0.28 0.30

USE OF TIME-SERIES MODELS

In this dudy, timesaies modds weare usd as a tod for evduding dtamdive desgn
vdue etimdion mehoddoges The armbiet azone datsbese wes usad to devdop a time-
sgies modd of the behavior of daly meximum ozone concentraions Given such a modd,
lage numbas of random dmudions of dnge seesons of daly maximum ozone vaues can
be gagaal tha dlow the limiing CLV (the “true desgn vdue’) ad dedgn vdues far ay
number of mehods to be cdoulaed over a lage number of years Thus bath the inherent
biases and predgon of dtemdive desgn vadue mehods can be duded usng a wide vaidy
of avaagng yeas Thee dda s have no missng vdues and therefore are free from this
source of error.

The timesaes modd hes bean applied in five geogrgphicdly dvase mergpditan
areas. Atlanta, GA; Charlotte, NC; Chicago, IL-WI; Houston, TX; and New Y ork, NY-NJ-
CT. Ore hunded threeyer ssguences of ozone daly maximum  conoatrations wee
gengaad for key dtes in each aea The reslits ae dmilar to those obsaved with the
arbat daa compaisons Thet is the EPA tebuar mehod gave lowe’desgn vdue
eimdes on aveae then Bramen's tal-eqponatid mehod. Howeve, tal  exponentid
edimaes a& some indvidud dtes can be lowe then the EPA tdbuar vdues dgoending on
the dgoe of the concentraion didribution.




PEER AND PUBLIC REVIEW

Section 183(g) of the CAAA of 1990 requires the EPA to “obtan input from States,
local subdivisons thereof, and others. " In conducting the Ozone Design Vaue Study, EPA
has made every effort to have an open process and to ensure full public input and
paticipation.  These efforts focused on information exchange through participation in
professona meetings and conferences, involvement of interested parties on the sudy
working group, and holding a public meeting (Freas, 1992a, 1992b; Curran, 1992a, 1992b;
57FR34133). The dudy plan and the results of the multi-year analyses were presented in
technicd papers a the Air and Waste Management Associdion’s Tropospheric Ozone
Specialty Conferences. These papers were peer reviewed prior to publication in the
Conference  Proceedings.

A dudy review group has been established to provide input on technica issues and
policy concerns. The group is composed of representatives from EPA program, research,
policy and legal offices. State and local air pollution control agency officials also Serve on
the review group.

On September 10, 1992, EPA hed a public meeting in Arlington, VA to obtain input
on technica considerations and on implementation and policy issues to be addressed within =
the context of the Ozone Design Vaue Study. The meeting announcement was published in
the Federal Regigter, and to ensure that dl interested parties were aware of the public
meeting, copies of the meeting announcement were sent to both individuals ‘and organizations
that had previoudy expressed interest in ozone-related issues (§57FR34133). At the public
meeting, presentations were made on behdf of the Motor Vehicle Manufacturers Association
and Ford Motor Company. Written comments were recelved from ten respondents,
representing State and locad ar pollution agencies, industry and private individua views.

On March 14, 1994, EPA published a Federal Register Notice announcing the
avallability of a draft report on the study for public review and comment. Prior to that
announcement, copies of the draft report were mailed to dl paties that previoudy expressed
aninterest inthe study. More than 250 copies of the report were mailed out in response to
requests. As of the close of the public comment period on April 14, 1994, comments had
been received from only two respondents. Requests were received from severa parties to
extend the comment period. On April 28, 1994, a second Federal Notice Was published that
extended the public comment period untii May 31, 1994. Although many additiona requests
for copies of the draft report were answered during this period, only eight additional parties
submitted comments by the close of the comment period. Technical peer review was
conducted under the auspices of the National Institute of Statisticd Sciences. The report
responds to the public comments and was revised to address the technica corrections
identified during peer review.

Comments received during the public meeting and on the draft report can be grouped
into two mgor categories. (1) those relating directly to design value issues and (2) those that
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would require changes in legidation or a revison to the form of the ozone standard.

Those in the first category include issues concerning (1) the statistical robusmess of the
current design value methodology, (2) the precison and accuracy of ozone monitoring data,
and (3) the use of other datistical techniques, such as fitting a tail-exponentid model, for
determining the design vaue. The second category includes issues associated with changing
the form of the ozone standard to a more robust air quaity indicator, or proposing to modify
the attainment test to incorporaie a datistical test, such as a “t-te” for judging compliance
with the standard (Heuss, 1992; Chock, 1989, 1992; Heuss and Chock, 1992). Such changes
are beyond the scope of this study and are more properly addressed during the next ozone
NAAQS review,

OTHER CONSIDERATIONS

Many comments received raise issues related to the concept of a “control strategy”
design vaue, not the ar quaity desgn vaue. Adjusting design values for factors such as
transported ozone, meteorology, and emissons trends fals within the control dtrategy design
vaue concept, not the ar quaity design value methodology used to classfy ozone
nonattaimnent areas under the CAAA of 1990.

Adjusting for Transported Ozone Levels

Trangport of ozone and ozone precursors generated in one ar basin can significantly
influence ozone concentrations in neighboring ar'basns located consderable distances
downwind. Some comments received on the origind nonattanment area classfications
argued that EPA should have consdered lowering the classfication because of the impact of
transport from upwind aess (Federa Register, 1991; EPA, 1992a). The amendments
specificdly acknowledge that transport across state boundaries plays a mgor role during high
ozone events in the northeastern urban corridor between Washington, D.C. and Boston.
Transport of ozone and precursors aso plays a sgnificant role in other parts of the country,
including the Gulf Coast region and Lake Michigan. Although the amendments cdl for the
establishment of a transport commisson to study this issue, the Act does not provide for
adjusting the ar qudity design vaues for transport. The one instance that transport may be
consdered during the initid classfication process is if the desgn vaue is within 5 percent of
the classficaion level.

As a result of the strong influence of transported precursors and ozone in some aress,
desgn vaues a such locations may be heavily influenced by emisson changes occurring
many kilometers away in an upwind area. Adjusted design values differ from “current air
quaity design vaues' in tha they take into account the degree to which transport of ozone
and precursors from upwind metropolitan'areas contributes to ozone concentrations at the
monitoring Ste in  question.

This smdy described a computer model, Transported Ozone Desgn Value (TODV),
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which has been developed to assst in determining the likely source regions associated with
high ozone concentration events (Sabo and Hawes, 1990). TODV can only provide an
aoproximate location of the emissons source region likey to have influenced a particular
dternoon ozone pesk. No estimate of the relative contributions of upwind vs. loca
emissons to the pesk is provided, and back-trgectory caculations based on routine wind
data can contain large uncertainties. Sdlection of the transport-adjusted design vaue requires
an experienced andyst to interpret the results, which introduces a subjective element to the
adjustment  process. Application of this approach to 1988-90 ozone deta yielded transport-
adjusted “control dtrategy” design vaues for 35 areas. These transport adjustments ranged
from a decrease of 0.05 ppm to increases of 0.04 ppm. Thus, these transport adjustments
can lead to both decreases and increases in an ared’s design value as the downwind impact is
atributed back to the source area, or the impact from upwind areas is subtracted out.

Adjusting for Meteorological Variability

Meteorologicd conditions have been shown to play a key role in explaning vdriations
in daly maximum ozone concentrations. Given Smilar precursor emissons, the basic
differences between days when ozone concentrations are average or below average and days
when concentrations are high (i.e, episode days) are in the prevaling meteorologica
conditions.  High ozone concentrations are likely to occur with low wind speeds, elevated
temperatures, intense solar radiation (i.e, no cloud cover), shdlow mixing depths, and the
wind patterns that bring, keep, or return high background concentrations to the region. In
some years, such meteorological conditions occur more frequently and with grester intensity
than in others, leading to a greater number of high ozone days even if precursor emission
levels do not differ sgnificantly from those in other years. Thus, design valuesdetermined
from a sngle year of data vary in accordance with weather conditions during the year in
question and may or may not be representative of design values that can be expected to occur
in the future, even in the absence of any precursor emisson trends. To some extent, basing
design vaues on three years of data instead of one eiminaies some of the meteorological
variability, but a single unusua year such as 1988 can ill srongly affect the three-year
vdue. This has raised concern that meteorologica variability must be consdered when
assessing ozone ar qudity trends and judging progress toward attainment of the ambient
gandards (NRC, 1991).

The influence of meteorologicd conditions, particularly temperature, on ozone
concentrations has been well established (NRC, 1991; Sweitzer and Kolaz, 1984; Jones,
1985; Jones, 1989; Kolaz and Swinford, 1990; Wakim, 1990; Zeldin and Meisel, 1978; Cox
and Chu, 1992). The most successful empiricdl models used in ozone trends adjustments
account for roughly 60-80 percent of the variance in dally maximum ozone concentraions
(see for example Kolaz and Swinford, 1990; Wakim, 1990; Cox and Chu, 1992). Due to
correlations of temperature with other varidbles, the dally maximum temperaure is often the
dngle mod important varidble in explaining day-today ozone variaions. However, since
high temperature by itsaf is not sufficient to produce high ozone concentrations, including
other meteorologicd variables in the andyss often produces better results. This is
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paticulally true at locations where ozone and precursor materias transported from upwind
source regions account for a significant concentration increment an high ozone days. High
concentrations at such locations are primarily associated with weather conditions conducive to
both ozone formation and transport from the upwind source regions.

Much of the year-to-year variability in ozone design values and other summary
gatidics is dtributable to interannual varidions in prevaling weather conditions during the
high ozone season. These fluctuations can mask underlying ozone trends associated with
changes in precursor emission paterns and can affect estimates of design vaues. Asa
result, a great ded of atention has been given to the development of procedures for adjusting
summary daigtics to remove the effects of meteorologica fluctuations (Sweitzer and Kolaz,
1984; Jones, 1989; Jones, 1992; Kolaz and Swinford, 1990; Wakim, 1990; Zeldin and
Meisel, 1978, Cox and Chu, 1992). A wide variety of methods have been used, dl of which
rely on the development of a mahematica relaionship between ozone concentrations and
meteorologica factors. This relationship is then used to estimate (predict) ozone
concentrations expected to occur under standardized meteorologica conditions. Figurel-2
illustrates actud and adjusted trends in the number of days the ozone NAAQS was exceeded
in Chicago (Kolaz and Swinford, 1990). The “adjusted” summary statistics cal culated from
these predicted concentrations can then be examined for trends. Figurel-3 showshow an
index of ozone conducive days (days with maximum daily temperature grester than 90° F)
can be used to adjust the trend in the number of exceedances of the ozone NAAQS (Jones,
1992). Although these approaches are very useful for assessing trends, one must consider
how meteorologica adjusment affects the intended level of protection for the dtandard if
such an approach were to be used for assessng compliance with the ozone NAAQS.

It may be possble to improve the performance of meteorologica adjustment
techniques by focusing on meteorologicd variables that describe the persstence of ozone-
conducive conditions over multi-day periods (Cox and Chu, 1992). The importance of
persstence and the day-to-day carryover of pollutants has been demonstrated by Kolaz and
Swinford among others (Kolaz and Swinford, 1990). EPA has initisted a program to
investigate techniques for adjusting ozone trends for meteorologica influences. One of the
methods being studied is a gdatisticd modd developed by Cox and Chu in which the
frequency distribution of ozone concentrations is described as a function of meteorologica
parameters (Cox and Chu, 1992). The results of agpplication of the model to a number of
urban areas are encouraging. Figure 1-4 shows the actud and adjusted trends in the 9Sth
percentile concentrations in Chicago. EPA is seeking to review and expand the technica
bass for the methodology under a cooperative agreement with the Nationa Inditute of
Statisticd  Sciences  (NISS).
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Figurel-2.  Actud and adjusted trends in number of days on which ozone concentrations
exceed 0.12 ppm in the Chicago area (adapted from Kolaz and Swinford,
1990).
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Figure 1-4.  Actud and meteorologicaly adjusted ozone trends in the 99th percentile of the
daily maximum |-hour ozone concentration for Chicago, 1981-1990 (adapted
from Cox and Chu, 1992).
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MAJOR FINDINGS

The Ozone Desgn Vadue Sudy has examined the current EPA method, as wel as
dternative approaches, for caculating ozone design velues. The key findings of the study
ae as follows:

1. With passage of the Clean Air Act Amendments of 1990, the primary role of the
ar qudity desgn vaue is to edablish the ozone classfication of 0zone nonattainment aress.

2. Although the year-to-year differences in maximum ozone concentrations can be
large, dl of the different methods examined in this study for edtimating ar quaity design
vaues exhibit less year-to-year variability. The EPA desgn vdue is dightly more vaiable
than lower percentile indicators and design vaues estimated from fitted tal exponentid
distributions, athough it remains highly correlated with these indicators.

3. Increasing the number of'years used to edtimate the design value reduces the
year-to-year fluctuations. Comparisons made for 3-year periods ending in 1988-90 had less
vaiability in the desgn value edimates then during previous 3-year periods. This is likely
due to the fact that there was a single dominant year (1988) for pesk ozone levels during the
1988-90 time period.

4. The past decade has seen large year-to-year variability in ozone concentrations,
However, the relaive vaiation in ozone concentrations recorded among monitoring Stes
throughout large urban areas can be as great as, or greater than, the year-to-year varidion in
ozone concentrations recorded a a paticular monitoring location. Spatid varigtions in ozone
concentrations a smaler, sub-metropolitan-length scales are not well defined in many areas
due to the sparsity of ozone monitors.

5. The EPA tabular desgn vadue method tends to give lower, but more variable
edimates for the ozone design value than some of the datisticd modeling methods, such as
the Breiman tal exponentid agpproach. Results of the time series modeing andyss suggest
that the tall exponentid approach provides the best compromise regarding bias and precison
in the edimate of the “true’ design vaue.

6. Given the database avalable a the time, generdly data through 1989, the use of
more robust (less variable) methods such as the tall exponentiad approach would not have
sgnificantly changed the initid ozone nonattainment aea desgnaions and classfications.
Use of more years of data (i.e, 4 or § years) in edimating the desgn vaue would have
resulted in lower classfications in only a limited number of cases. However, more recent
data periods that do not include 1988 yidd sgnificantly different results. For the years
1989-91, the first 3-year compliance period that excludes the 1988 data, 42 of the origind
classified 98 nonattainment areas have ambient ozone meeting the standard. Seven of these
aess have been redesignated to dttainment. The most recent compliance period, 1991-93,
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has 48 of the remaining 91 classified nonattainment areas also meeting the ozone standard.

7. Since the "true" design vaue is in the tal of the ozone concentration distribution,
the EPA tabular desgn vaue method and more robust dternatives are perforce subject to
greater varigbility than estimators of the centrdl part of the didribution. Lie any statistical
esimator, erors in these estimated design vaues can lead to 1990 CAAA mistlassfication
of nonattainment areas, just as errors in the Appendix H estimated expected exceedance rate
can lead to misclassfication of atainment areas as nonattainment areas and vice versa
Andyses included in this sudy provide edtimates of the theoreticd misclassfication rates but
for a given ste and monitoring period it is impossble to determine whether the estimated
classfication is the (unknown) true classfication.

8. The “ar qudity” desgn vdue differs in concept and gpplication from the
“control dretegy value. " The former is based soldly on the actud measured ozone air
quaity data and relates directly to the form of the ozone NAAQS. Control drategy design
values'have higtoricaly been used to evduaie emission control drategies, and may
incorporate adjustments for factors such as transported ozone levels and meteorological
variadility. Use of the control Srategy value concept to judge atainment under the Act ;
would require EPA to revise its preliminary interpretation of Section 181(b)(2) published in:
the Generd Preamble to Title I. ;

9. For thirty-five areas modeled, the transport contribution to design values in aress
subject to transport was found to be as large as 0.05 ppm. Increases in the design vaue of
up to 0.04 ppm were estimated when the downwind impact was attributed back to the souree
aea

10. EPA has initiated a program (Cox and Chu, 1991) to investigate techniques for
adjusting ozone trends for meteorological influences. One method being Sudied is a ‘
datigicd model in which the frequency distribution of ozone concentrations is described as a
function of meteorologicd parameters. EPA is seeking to review and expand the technical
bass for the methodology under a cooperative agreement with the Nationd Inditute of
Statistical  Sciences (NISS). Preliminary results suggest that the hias and uncertainty
associated  with long-trend estimates can be significantly reduced by includii meteorologicel
covariates as parameters in the datisticad modeling process.

11. The use of a dgmple linear function of the 95th percentile of the didribution of
dailly maximum ozone concentrations as a surrogate design vaue is less satisfactory than any -
of the four more diit estimators of the design value. It fals to significantly reduce the
variadbility of the associated estimated characteristic largest value (CLV) below that achieved.
with the more direct methods. (From another perspective: controlling the 95th percentile
fals to improve control of the underlying CLV.) At the same time it introduces substantial
biases which vary with the ste. The bias problem would result in uneven treatment Of Stes
relative to what would be achieved with the more direct measures. Nor would the use of the
95th percentile obviate the need to use 3-year data Seis. '
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CONCLUSIONS

The quedtion for the Ozone Design Vaue Study is “Does the EPA design value
methodology provide a ‘reasonable indicator of ozone ar qudity in ozone nonattainment
aeas? The answer depends on the intended application of the design value. Each
nonattaimnent area was classfied as a Margind Area, a Moderate Area, a Serious Area, a
Severe Area, or an Extreme Area based on the design vaue for the area The aeds
classfication establishes the primary sandard attainment daie and the requirements for State
Implementation ~ Plans.

In responding to Section 183(g), EPA sought to focus this study on whether the
design vaue serves as a reasonable indicator of atanment status as defined by the current
NAAQS, progress in reaching atainment, and of how much concentrations must be reduced
to meet the standard. The EPA desgn value method yidds an etimate for the ozone design
vaue that is consggtent with the current ozone NAAQS. Given the findings of this study, the
EPA desgn vaue yidds a “reasonable’ estimate of the “trug’ ar qudity desgn vaue for the
aea and of peak ozone levels within the nonattainment area for the initid three year
compliance  period.

The EPA design vaue provides a reasonable edimate of pesk levels within the urban
aea, and the degree of nonattainment of the area. However, the design vaue cannot
describe the spatid variability in ozone concentrations across the area. More robust
indicators based on gpecific monitoring Stes dso have large spatid variability. Ozone design
vaues caculated with the EPA desgn vaue method are highly correlated with other more
robust indicators. However, due to the spatid variability observed across urban areas, one
canot expect a single numerica vaue to adequately describe complex concentration
gradients across large metropolitan aress.

The current EPA design vaue method may not provide a reasonable indicator of
ozone levels in future years due to the large year-to-year variability in meteorologica
conditions, or to reductions in emissons following implementation of control measures.
However, other more robust ar qudity indicators aso exhibit smilar year-to-year
variability.

The method used to adjust for meteorologicd influences on long-term ozone trends
could be adapted for use in caculating meteorologically adjusted exceedance rates and design
vdues. While such adaptations are technicdly feasble, and would reduce the year-to-year
varidbility, the use of adjusted exceedance rates in NAAQS attanment and adjusted design
vaues for classfmation purposes would represent a maor departure from current EPA policy
and NAAQS implementation guidelines. Also, a meteorologicdly adjusted desgn vadue may
not be the best indicator of the ar that people breathed during a specific caendar year.

Concerns about the current ozone standard were raised during the public review
process. Although changes to the form of the ozone standard were outside the scope of this
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sudy, they are being considered within the context of the current review of the ozone
NAAQS. The knowledge gamed from me input of all parties to this study during the public

review process will be used to address issues concerning the form of the ozone standard and
desgn vaue methodologies.
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